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1
MULTI-ELEMENT HOUSING

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a multi-element housing for
the containment of multiple membrane separation ele-
ments, preferably spiral wound elements, mounted in
paralle]l in a containment vessel.

2. Description of the Related Art

In the past when multiple elements have been housed
in parallel within a single pressure containment vessel
the tube sheets used to produce separate feed/retentate
and permeate zones have been mounted at opposite
ends of the membrane elements. This has resulted in
difficulties being encountered in the installation of and
replacement of membrane elements in the housing be-
cause of space limitations between the membrane ele-
ments and the short distances between the opposing
tube sheets. Normally, to replace even a single element,
it has been necessary to disassemble the top or bottom
tube sheet from all the elements in the housing. Align-
ment problems have also been encountered and strict
machining protocols and procedures are required to
assure precise ahgnment between the element mounting
flanges on the opposing faces of the tube sheets.

DESCRIPTION OF THE FIGURES

FIG. 1 1s a schematic of an embodiment of a multi-
element housing of the present invention.

FIG. 2 is a schematic of an alternate embodiment of a
multi-element housing of the present invention wherein
partitions are employed to produce separate isolated
element groupings for serpentine cascade feed flow.

FIG. 3 presents a simplified modification of the sepa-
rative flow pattern housing of the embodiment of FIG.
2 wherein only the lower chamber is subdivided.

F1G. 4 presents an embodiment of the element
mounting in the housing of the present invention.

FIG. § presents a variation on the embodiment of
FIG. 4.

DESCRIPTION OF THE INVENTION

A membrane element housing is disclosed for the
containment of multiple membrane separation elements,
preferably spiral wound elements, in parallel. The ele-
ments are grouped in paralle] within a containment
vessel. A feed/retentate space is defined by two tube
sheets/flange plates arranged in parallel in close prox-
imity to each other and at the same end of the elements
and in fluid tight arrangement with the interior walls of
the containment vessel. Grouping the tube sheets at the
same end of the membrane elements alleviates align-
ment problems and simplifies element placement and
replacement because of the additional space available
within which to work. It also eliminates the need for
complete housing disassembly for element replacement.
The feed/retentate space is in open relationship with
the interiors of the membrane elements. The membrane
elements are preferably spiral wound elements and the
invention will be described with reference to spiral
wound elements. Other elements may be utilized such as
hollow fiber elements with due attention being paid to
the specific requirements which must be met in their
construction. Thus, where in the case of a spiral wound
element a central mandrel is described, in a hollow fiber
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element the corresponding element of construction
would be a permeate collection tube.

In spiral wound elements layers of selective mem-
brane are glued around three edges enclosing permeate
spacer material defining a permeate envelope, with
layers of feed/retentate spacer material between each
complete permeate envelope. These alternating layers
of feed/retentate spacers and permeate envelopes are
spirally wrapped around a hollow central mandrel core
which is in fluid communication with the interior of the
permeate envelope through the unglued fourth edge of
the permeate envelope, and define a membrane module.
The hollow central mandrel is closed at one end and
open at the other. The open end of the central mandrel
extends beyond the spiral windings of the membrane
module. The exterior of the spiral module is enclosed in
a wrapping to prevent it from unwinding and thus pro-
ducing an element. Multiple elements are fitted into a
pressure containment vessel. The pressure vessel is de-
fined by an upper chamber in which the membrane
elements are arranged in parallel. This upper chamber is
defined by the interior walls of the pressure contain-
ment vessel and the top face of a first tube sheet, which
tube sheet is in fluid tight communication with the inte-
rior walls of the pressure containment vessel. The mem-
brane elements are attached to the first tube sheet. In
one embodiment the tube sheet contains a pattern of
multiple holes equal in internal diameter to the external
diameter of the membrane elements. The elements are
fitted into these holes in fluid tight arrangement. In an
alternate embodiment the first tube sheet contains a
pattern of multiple holes equal in internal diameter to
the external diameter of the central mandrel. Surround-
ing each such hole is an additional series of smaller
secondary holes aligned with the feed/retentate spiral
windings of the spiral wound element and bounded by
the perimeter of the element whereby retentate passes
from the element through the secondary holes into a
lower chamber as further described below. Feed intro-
duced into this upper chamber through feed entrance
means in the wall of the pressure containment vessel
adjacent to the upper chamber will be forced to pass
through the spiral wound elements and cannot by-pass
those elements. Because of the holes into which the
elements are fitted, this first tube sheet is in open rela-
tionship with the interior, e.g. The spiral windings, of
the elements. In the aiternate embodiment, the second-
ary holes surrounding the central mandrel enclosing
holes are in open relationship with the interior, e.g.,
spiral winding, of the elements. Thus, feed/retentate
passing through the elements passes through this first
tube sheet. The pressure vessel is also defined by a
lower chamber, defined by the bottom face of the first
tube sheet and a top face of a second tube sheet, both
tube sheets arranged at the same ends of the elements in
parallel to each other and in spaced apart relationship
and in fluid tight communication with the internal walls
of the pressure containment vessel. This lower chamber
serves as a fed/retentate accumulation zone. The accu-
mulated feed/retentate is removed from this zone
through feed/retentate removal means in the wall of the
pressure containment vessel located adjacent to this
zone. The second tube sheet is pierced by the extended
open end of the central mandrels passing through holes
in the second tube sheet which holes correspond to and
are in alignment with the multiple hole pattern of the
first tube sheet. The holes are fluid tight around such
extended mandrels. Permeate passing from the feed
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through the membrane into the permeate zone of the
element (e.g., permeate envelope of a spiral wound
element) migrates to the central mandrel and then
passes through the central mandrel past the second tube
sheet and exits through the open end of the central
mandrel into a permeate collection zone. In the alter-
nate embodiment the two tube sheets are attached to
- each other by lengths of pipe of internal diameter equal
to the external diameter of the central mandrels and
fluid tight attached, e.g., welded between the tube
sheets axially aligned with the holes in said tube sheet
through which the central mandrels pass. Thus, the
central mandrels are inserted into the aligned holes
joined by the welded-in-place lengths of pipe and fit
into the lengths of pipe. The spiral wound element is
end capped with an anti-telescoping device which
serves also as a mounting means for attaching the ele-
ment to the first tube sheet. This mounting means pro-
duces a fluid tight seal between the exterior of the ele-
ment and around the secondary holes in the first tube
sheet aligned with the feed/retentate spacers of the
element so that the feed entering the upper chamber
cannot by-pass the elements but must pass through the
elements. The feed/retentate passing through the ele-
ment passes through the secondary holes into the lower
chamber. The permeator collection zone is defined by a
space in the pressure vessel bounded by the walls of the
pressure vessel and a bottom face of the aforesaid sec-
ond tube sheet. The collected permeate is withdrawn
from the permeate collection zone through permeate
removal means fitted into the wall of the pressure con-
tainment vessel in the area adjacent to the permeate
, collection zone.

Thus it 1s seen that in this embodiment the pressure
containment vessel is divided into three distinct zones of
chambers, an upper chamber defined by the walls of the
pressure vessel and the top face of the first tube sheet, a
lower chamber defined by the walls of the pressure
vessel and between the bottom face of the first tube
sheet and top face of the second tube sheet, said tube
sheets being spaced apart and parallel to each other, and
a permeate collection zone underneath the lower cham-
ber and defined by the walls of the pressure vessel and
the bottom face of the second tube sheet. In the pre-
ferred embodiment the tube sheets are connected by the
previously described lengths of pipe welded between

the tube sheets and axially aligned with the holes in each’

tube sheet through which pass the central mandrels of
the spiral wound element mounted to the top face of the
first tube sheet.

As compared to the containment vessels of the prior
art in which the tube sheets were arranged in parallel
but at the opposite ends of the membrane elements,
arrangement of the tube sheets in paralle] but at the
same end of the elements requires alignment only of the
holes needed to secure only one end of the elements and
the extended mandrels thereby greatly facilitating as-
sembly of the element array and making maintenance
and element replacement much simpler.

Any number of elements may be housed in a single
multiple element housing, depending only on the design
requirements of the operator. Typically the multiple
elements will be housed in a cylindrical housing and
mounted on a circular first tube sheet and arranged in a
simple, staggered geometric pattern, spaced far enough
apart to facilitate easy access to all elements for installa-
tion, removal or other maintenance or replacement.
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Elements are attached to the first tube sheet in fluid
tight arrangement by any of the typical attaching tech-
niques. Elements can be inserted into the holes then
swag locked in place. Alternatively the element can be
located over the hole in the first tube sheet and a bead
of sealant or adhesive can be run around the seam be-
tween the element and the tube sheet. The element can
be individually fitted with attachment means such as
flanges having holes which align with screw threads
projecting from the tube sheet. In the embodiment
where the tube sheet has a central mandrel hole and

.secondary holes within the perimeter of the elements

for passage of retentate into the lower chamber, element
mounting can be accomplished by fitting the end of the
spiral wound element with a mounting flange which is
gasketed and bolted to the first tube sheet. This mount-
ing flange can be a separately added piece or it can be
integrated with the anti-telescoping devices typically
used 1n fabricating spiral wound elements to produce a
single piece of hardware functioning as both anti-tele-
scoping devise and mounting flange.

The projecting extended central mandrels can be
likewise secured in the fluid tight arrangement by any of
the typical attaching techniques. The projecting ex-
tended end of the mandrel can be secured using mount-
ing flanges secured to the ends of the mandrel, and
bolted to the bottom face of the second tube sheet. The
mandrel and the flange can be secured by using “O”
rings or by screwing the mandrel end, if threaded into
corresponding threads cut into the flanges. In the em-
bodiment wherein the tube sheets are attached by
lengths of pipe axially aligned with holes on the tube
sheets through which pass the central mandrels, the
central mandrels passing through said pipe lengths can
be fluid tight secured by gaskets or “O” rings fitted
around the lengths of the mandrels inserted into the
lengths of pipe thus forming a seal between the exterior
wall of the mandrel and the interior wall of the length of
pipe. The mandrels and lengths of pipe can have cir-
cumferential grooves cut into their complimentary
faces into which fit the “O” rings, but this is not neces-
sary. The extended ends of the mandrels can also be
threaded and the elements thereby secured to the sec-
ond tube sheet by nuts or by threads cut into the corre-
sponding holes in the second tube sheet. The nuts can be
either individually and separately attached to they can
be welded into place at the end of the short pipe piece
at the bottom face of the bottom (second) tube sheet and
the entire element simply screwed into place. Similarly,
if the short lengths of pipe are not employed the extend-
ing central mandrels, threaded at the far end, can be
secured to the second tube by nuts welded to either the
top or bottom face of the second tube sheet or by
threads cut into the corresponding holes in the second
tube sheet.

It is preferred that the attaching techniques employed
be of the reversible type, that is, that the attached ele-
ments be easily removable for replacement or mainte-
nance. For this reason it 1s preferred that welding not be
practiced.

As previously stated the pressure containment vessel
may be circular in design, but other configurations are
also paossible. Thus multi-sided vessels can be used, e.g.,
vessels of 6 or 8 sides can be used, but circular vessels
are preferred as being easier to fabricate and as having
fewer assembly interfaces in their construction thus
being stronger and less susceptible to leakage.
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The pressure containment vessel need not be fabri-
cated as single piece but can a include top plate or cov-
ered dome attached by flange means mated to matching
complementary flanges attached to parallel vessel side
walls, in the case of a circular vessel, to cylindrical
walls. The lower chamber can be completely indepen-
dent and fitted as a separate assembly under the upper
chamber. In this embodiment the vessel wall corre-
sponding to the lower chamber wall comprises a circu-
lar coliar fitted with flanges along both edges. The
upper flange corresponds to a flange fitted along the

10

lower edge of the upper chamber walls and the lower

flanges corresponds to a flange fitted along the edge of

the bottom piece of the vessel defining the permeate
collection zone. The aforesaid tube sheets would fit
between the corresponding flanges and, after applica-
tion of appropriate sealing means, such as O-rings, beads
of sealant, caulking, or gaskets would be cinched down
between the flanges forming fluid tight seals and defin-
ing the aforesaid upper, lower, and permeate collection
chambers. Alternatively, the circular coliar can be
welded to the two aligned, opposed tube sheets and this
assembly 1s then fitted with flanges with which to mate
with the upper chamber walls and permeate chamber
walls of the pressure vessel. To insure structural integ-
rity and achieve desired stiffness the tube sheets can be
appropriately reinforced using beams running the diam-
eter and/or chord lengths of the tube sheets. Alterna-
tively, or in addition, support members tying the tube
sheets together can be fitted between the opposing faces
of the tube sheets and secured by bolts protruding
through the opposite faces. When lengths of pipe are
axially aligned with the holes through which the ele-
ment central mandrels pass and welded in place be-

tween the opposing tube sheets, additional structural

support means may not be needed. The bottom face of

the second tube sheet forming the top of the permeate
collection zone can be likewise separately reinforced by
running support members under it.

In operation feed is mtroduced into the upper cham-
ber by feed inlet means fitted in the upper chamber
containment vessel wall. Feed fills the upper chamber
and, under pressure, i1s forced into contact with the
membrane layer in the spiral wound elements. The feed
flow into the element through the feed/retentate spacer
material, contacts the membrane and selected compo-
nents permeate through the membrane and into other
permeate envelope. Permeate in the permeate envelope
moves through the envelope along the permeate spacer
and passes into the hollow central mandrel. Retentate
from the element passes through the element and exits
into the lower chamber and is removed through the
retentate outlet.

Permeate passing into the central mandrel collects in
the permeate collection zone and is removed through
the permeate outlet. Depending on the mode of opera-
tion this permeate removal can be accomplished either
by simply permitting the permeate to drain from the
chamber or a vacuum can be applied to draw the perme-
ate through the membrane and withdraw it from the
chamber.

Clearly, then, the multi-element housing lends itself
to use under various separation environments. The ele-
“ment housing can be used under reverse osmosis or
ultrafiltration conditions where the applied pressure on
the feed provides the driving force for the separation.
Alternatively, the housing can be used under pervapo-
ration condition wherein a vacuum drawn on the per-
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meate side of the element provides the driving force for
the separation.

To be useful for perstraction a modification would
have to be made to the elements.

Because in perstraction the driving force is provided
by means of a sweep fluid which maintains the concen-
tration gradient the element would have to be provided
with means for supplying the sweep fluid.

In such a design the element would be fitted with a
central mandrel open at both ends and extending be-
yond the edges of the spiral winding at both ends of the
element. The central mandrel would be blocked at
about the middle of its length thereby dividing the man-
drel into two sections. The spiral winding defining the
permeate envelope would likewise be modified in that
the membrane sheets surrounding the permeate spacer
material would be glued along 3 sides surrounding the
permeate spacer and an additional glue line would be

run down the center of the permeate spacer in the inte-
rior of the permeate envelope, parallel to the two paral- -

lel glued edges and extending about 4 the unwrapped
length of the permeate envelope standing at the side
nearest the mandrel, thereby dividing the permeate
envelope into two separate internal zones near the man-
drel with an open space between the 2 zones at the far
end of the permeate envelope. This envelope would be
in fluid communication through the fourth unglued
edge with the divided central mandrel. The first zone in
the permeate envelope would align with the first section
of the mandrel while the second zone of the permeate
envelope would align with the second section of the
divided mandrel. The block dividing the mandrel
would align with the glue line dividing the interior of
the permeate envelope.

A sweep fluid would be introduced into the first
section of the divided mandrel. The sweep fluid would
circulate into the first section of the permeate envelope
along the internal glue line then circle around the end of
the internal glue line and move into the second section
of the permeate envelope, all the while sweeping any
permeate which passes through the membrane into the
permeate envelope. The permeate and sweep fluid
would exit the second section of the permeate envelope
and pass into the second section of the divided mandrel
through which it would pass into the permeate collec-
tion zone. Feed/retentate would still accumulate in the
feed/retentate collection zone for recovery.

Muiltiples of such elements could be installed in the
same way as any other element, the sweep fluid being
introduced into the first section of the divided mandrel
by sweep fluid manifold means such as individual sweep
fluid tubes from an external source or through a sweep
fluid circuit connecting the separate extended mandrel
first sections in series or parallel from a single sweep
fluid source. .

As an alternative a removable third tube sheet can be
attached in fluid tight communication around the ex-
tended mandrel first section in the upper chamber defin-
ing a sweep fluid introduction zone above the first
chamber, but this has the draw back of reintroducing
tube sheets at both ends of the membrane elements.

In order to maximize the flow velocities in the ele-
ments in the multi-element housing at a constant volu-
metric. feed flow rate and, thereby minimize the feed
side mass transfer resistance and operate at the highest
feed Reynolds number possible resulting in higher per-
meation rates and improved element performance, the
multi-element housing design can be modified by parti-
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tioning the lower chamber into a number of separate
zones to thereby redirect the feed flow through separate
isolated groups of paralle] elements resulting in sequen-
tial flow through the separate groups of parallel ele-
ment. The.upper chamber can likewise also be parti-
tioned to maximize the number of separate isolated
element groups housed within a single housing. By this
partitioning of the upper chamber and lower chamber a
serpentine, cascading, serial flow of feed through the
separated isolated element groups is achieved.

This partitioned embodiment will be best understood
by reference to the following descriptions of specific
variations.

The upper chamber of the aforesaid multi-element
housing defined by the interior walls of the pressure
containment vessel and the top face of a first tube sheet
to which are attached multiple elements arranged in
some pattern is treated as a single area. The lower
chamber defined by the space between the bottom face
of the first tube sheet and the top face of the second tube
sheet 1s divided by partition means perpendicular to said
tube sheets dividing the space into 2 zones. The parti-
tion 1s in fluid tight attachment to the opposing tube
sheet faces and with the interior wall of the containment
vessel.

Feed in introduced into one of the zones (the first
zone) in the lower chamber through feed entrance
means located in the vessel wall adjacent to this first
zone and 1s forced up the elements aligned with the
holes in the top tube sheet adjacent to the first zone.
Permeate is collected through the central mandrel in
the permeate collection zone. Feed/retentate empties
from the first group of elements into the upper chamber
and fills the upper chamber. When full the feed/reten-
tate exits by passing through the windings of the second
element group and empties into the second zone of the
lower chamber and is removed therefrom through re-
tentate removal means in the vessel wall adjacent to said
lower chamber second zone. Permeate from the second
group of elements is likewise collected in the permeate
collection zone beneath the second tube sheet and re-
moved through permeate removal means. In this em-
bodiment a foraminous plate can be fitted around the
upper ends of the elements opposite the first tube sheet.
The plate need not be fluid tight around the elements
nor in fluid tight contact with the interior vessel walls.
Even a mesh can be used. The sheet is fitted around the
ends of the elements slightly below the point at which
feed exits or enters such element. Feed exiting the ele-
ment will spill over the element edges and then pass
through the plate to fill the body of the upper chamber.
This creates a stagnant zone wherein feed exiting the
top of the first group of elements fills the upper chamber
under this plate and because of the presence of the plate
cannot then readily mix with additional feed/retentate
exiting the top of said first group of element. By keeping
such mixing to a minimum the elements of the second
group are not exposed to a feed mixture containing any
stagnant fraction. This should reduce element fouling.

In another embodiment the upper chamber of the
multi-element housing defined by the interior walls of
the pressure containment vessel and the top face of a
first tube sheet to which are attached multiple elements
arrange din some pattern corresponding to and aligned
with holes in the first tube sheet is divided into two
separate zones by installation of a partition in said upper
chamber, said partition being perpendicular to the tube
sheet and corresponding to either the diameter of the
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housing or a chord of said housing. This partition is in
fluid tight arrangement with said tube sheet and said
pressure containment vessel walls. The end of the parti-
tion wall opposite to its edge of attachment to the first
tube sheet is attached in fluid tight arrangement with
either the top of the containment vessel or to a separate
top plate which is parallel to the first tube sheet and is
itself in fluid tight arrangement with the interior walls
of the upper chamber of the pressure containment ves-
sel.

‘The lower chamber defined by the space between the
bottom face of the first tube sheet and the top face of the
second tube sheet is similarly divided by a first partition
extending the height of the space between the two tube
sheets and in fluid tight attachment to said tube sheets
and opposing containment vessel walls in the lower
chamber, said first partition being substantially in a
perpendicular relationship to the partition in the upper
chamber and dividing the lower chamber into 2 sepa-
rate zones. A second partition in the lower chamber
substantially perpendicular to the first partition but
extending from only one face of said first partition and
attached to only one interior wall of the lower chamber
1s fitted to divide one of the two zones yet again into
two additional smaller zones, the two partitions in the
lower chamber thereby dividing the lower chamber
into three zones, a first large zone and 2 additional zones
each of which is approximately one’half the size of the

first zone (first and second smaller zones).

Feed is introduced into the first of the two smaller
zones through feed inlet means in the lower chamber
wall adjacent said first zone. Feed in the first zone is
forced up through a first group of spiral wound ele-
ments and exits into the upper chamber, filling one of
the two upper chamber zones and thereby cascading
into a second group of spiral wound elements occupy-
ing said first zone of the upper chamber. The feed passes
downward through the second group of spiral wound
elements and exits as feed retentate into the large zone
of the lower chamber wherein the feed retentate cas-
cades through a third group of spiral wound elements
and passes upward through the third group of elements
into the second zone of the upper chamber wherein
feed/retentate fills said second zone and subsequently
cascades into a fourth group of spiral wound elements
and passed downwardly through said fourth group of
elements, the feed/retentate from the fourth group of
elements exiting into the second of the smaller zones in
the lower chamber corresponding to the feed/retentate
accumulation zone from which it is removed via
feed/retentate outlet means in the wall of the lower
chamber adjacent to the feed/retentate accumulation
Zone.

Permeate collected in the central mandrels is passed
through the open ends of the central mandrels into the
permeate collection zone as previously described.

In this way the multi-element housing can be divided
into any number of individual zones within each of the
upper and lower chambers by the installation of parti-
tion barriers perpendicular to the tube sheets.

Expressed in general terms, the upper chamber is
divided into 2 or more zones by the placement of a first
or primary partition in the upper chamber correspond-
Ing substantially to the diameter or a major chord of the
upper chamber, said first partition being perpendicular
to the first tube sheet and in fluid tight attachment
thereto and to the interior walls of the pressure contain-
ment vessel and dividing the chamber into 2 zones. A
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top plate is fitted to the top edge of the partition parallel
to the first tube sheet and spaced some finite distance
above the upper edge of the parallel spiral wound ele-
ment mounted 1n the first tube sheet.

Additional zones are created by use of a second or
more partitions hereinafter referred to as secondary
upper chamber partitions fitted in the upper chamber
extending from the first partition barrier preferably
extending perpendicular from the first barrier thereby
subdividing the original 2 zones into more numerous
subdivision zones. These secondary upper chamber
partitions are attached to the primary partition the inte-
rior upper chamber wall the first tube sheet and top
plate in fluid tight arrangement. These zones and subdi-
vision zones in the upper chamber result in the produc-
tion of separate isolated element groupings in the upper
chamber. The partitions in the lower chamber are ar-
ranged taking the placement of the upper chamber par-
titions into consideration and installed in said lower
chamber so as to result in sepentine cascade flow the
feed through the separate isolated element groupings in
the upper chamber. Feed entry means are fitted in the
containment vessel wall corresponding to a feed zone in
the lower chamber while retentate removal means are
fitted in the containment vessel wall corresponding to
the last zone in the lower chamber at the end of the
separative feed flow path.

The invention will be explained in detail by reference
to the Figures.

FIG. 1 shows a multi-element housing comprising a
pressure containment vessel (1) in which are mounted a
plurality of spiral wound elements (2) attached in fluid
tight arrangement to a first tube sheet (3) which is in
open relationship with the interior windings of the spi-
ral wound elements through holes (Hj) in the first tube
sheet. This first tube sheet (3) is in fluid tight communi-
cation along its outer perimeter with the interior wall of
the pressure containment vessel at (4) and thereby de-
fines an upper chamber (5). The central mandrels (6) of
the spiral wound element (2) extend into and through
“holes (H3) in the second tube sheet (7) the extended
mandrels being in fluid tight communication at their
outer walls with the holes of the second tube sheet. The
second tube sheet (7) is parallel to and spaced apart
from the first tube sheet (3) and is in fluid tight commu-
nication with the interior walls of the pressure contain-
ment vessel (1) along its perimeter at points (8). The
space between the opposing faces of the two tube sheets
and the pressure containment vessel walls is defined as
the lower chamber (9). The extended mandrels 6 pass-
ing through the second tube sheet (7) empty into perme-
ate collection zone 10 defined by the bottom face of the
second tube sheet (7) and the bottom of pressure con-
tainment vessel. Feed is introduced via feed inlet (11)
into the upper chamber (5) and passes through elements
(2). Permeate passes through the membrane leaves in
the element and into the central mandrels (6) which
empty into permeate collection zone 10 from which it
can be withdrawn via permeate collection means (12).
Feed and retentate which passes through the element
empties mto lower chamber (9) and is collected via
retentate outlet (13).

FIGS. 24, 2b and 2c¢ present an alternate embodiment
of the present invention comprising a containment ves-
sel 101 in which are mounted a plurality of spiral wound
elements (102) attached in fluid tight communication to
a first tube sheet (103) which is in open flow relationship
through holes (Hi) with the internal windings of the
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spiral wound elements. This first tube sheet (103) is in
fluid tight communication along its outer perimeter
with the interior wall of the containment vessel at (104)
thereby defining an upper chamber (105) which is pres-
sure resistant. The central mandrels (106) of the spiral
wound elements (102) extend into and through holes H»
in a second tube sheet (107), the extended mandrels
being 1n fluid tight communication along their outer
walls with the holes (H3) in the second tube sheet. The
second tube sheet (107) is parallel to and spaced apart
from the first tube sheet (103) and is also in fluid tight
communication along its perimeter with the interior
walls of the containment vessel at (108). The space
between the opposing faces of the two tube sheets and
the containment vessel walls defines a lower chamber
(109). The extended mandrels (106) pass through the
second tube sheet (107) and empty into permeate collec-
tion zone 110 defined by the bottom face of the second
tube sheet (107) and the bottom of the containment
vessel. The upper chamber (105) is divided into two
separate zones by partition (115) perpendicular to and
attached to the top of the first tube sheet 103 and the
internal walls of the containment vessel and to a top
plate (TP) which is parallel to the first tube sheet and is
similarly in flmd tight communication along its perime-
ter with the interior wall of the containment vessel at
attachment (AP) point, thereby dividing the upper
chamber 10§ into two zones (105(c)) and (105(4)). the
lower chamber is similarly subdivided using partitions.
Referring to FIGS. 2q, 2b and 2c a first lower chamber
partition 116 (FIG. 2¢) is fitted in fluid tight communi-
cation between the opposing faces of the tube sheets
dividing the lower chamber into two zones. A second-
ary partition (117) (FIGS. 2a and 2¢) is also fitted into
the lower chamber extending radially from the first
partition (116). The two partitions divide the lower
chamber (109) into three separate zones, A, B and C.
Feed is introduced through feed inlet (111) FIG. 2C
into zone A, which feed flows up the spiral wound
elements of element grouping 1 (FIG. 2b) into zone
108a (FIG. 2b) of the upper chamber and then down the
elements of element grouping 2 (FIG. 2b) into zone B of
the lower chamber (FIG. 2¢) then up the elements of
element grouping 3 (FIG. 2b) into upper chamber zone
(105(6) F1G. 2b) then down the elements of element
grouping 4 into lower chamber zone C (FIG. 2¢) which
functions as retentate collection zone (FIG. 2q) from
which retentate is removed via outlet (113). Permeate
collected in permeate collection zone (110) is removed

'via permeate outlet (114XFIG. 2q).

FIG. 3 presents a modification of the embodiment
presented in FIG. 2. Elements which are similar be-
tween the two representations share common numerical
designation. Elements which differ are identified by
numerical designations in the 200 series. »

In FIG. 3 the multi-element housing comprises a
containment vessel (101) in which are mounted a plural-
ity of spiral wound element (102) attached in fluid tight
communmnication to a first tube sheet (103) which is in
open flow relationship through holes (H;) in the first
tube sheet with the intermal windings of the spiral
wound element. The first tube sheet (103) is in fluid
tight communication along its outer perimeter with the
interior wall of the containment vessel at (104) thereby
defining an upper chamber (105) which is pressure resis-
tant. The central mandrels (106) of the spiral wound
element (102) extend into and through holes (H;) in a
second tube sheet (107), the extended mandrels being in
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fluid tight communication along their outer walls with
the ‘holes in the second tube sheet. The second tube
sheet (107) is parallel to and spaced apart from the first
tube sheet (103) and is also in fluid tight communication
along its perimeter with the interior walls of the con-
tainment vessel at (108). The space between the oppos-
ing faces of the two tube sheets and the containment
vessel walls defines a lower chamber (109). The ex-
tended mandrels (106) pass through the second tube
sheet (107) and empty into permeate collection (110)
defined by the bottom face of the second tube sheet and
the bottom of the containment vessel.

The lower chamber (109) is divided into two zones by
a divider (211) which is placed perpendicular between
the opposing tube sheet and is in fluid tight communica-
tion along its edges with the tube sheet and the contain-
ment vessel walls in the lower chamber.

Feed 1s introduced into the feed zone (212) of the
lower chamber through feed entrance means (111) and
passes upwardly through the windings of a first group
of spiral wound elements (A) which are in communica-
tion with the interior space of the first zone (212). Feed
exits from the top of said first group of spiral wound
elements and empties into the upper chamber, eventu-
ally filling the chamber and, thereby, then being forced
to flow down the spiral winding of a second group of
spiral wound elements (B) which are in communication
with the second zone (214) of the lower chamber which
functions as a retentate collection zone from which the
collected retentate is removed via retentate removal
means (113). Permeate is collected in the central man-
drels of all the elements and is passed by the central
mandrels into permeate collection zone (110) from
which it is recovered via permeate collection means
(114).

As an option a foraminous baffle (217) can be fitted
near the tops of the spiral wound element in the upper
chamber.

This baffle is not fluid tight. Feed exiting the top of

spiral wound elements of group A can pass through the 40

baffle and accumulate in the upper chamber. Once the
level of feed in the upper chamber is higher than the
baffle the presence of the baffle prevents the feed exit-
ing the tops of the elements from mixing with feed
which has accumulated in the upper chamber below the
baftlie. The feed below the baffle is held in which is in
effect a stagnant zone isolated from fresh feed. Thus,
stagnant feed is prevented from being fed into the spiral
wound elements of group B. This prevents exposure of

such elements to the sludge or other detrimental materi- 50

als which might build up in stagnant feed which could
plug or seriously degrade element performance. Period-
ically the stagnant feed below the baffle plate can be
withdrawn through stagnant feed removal means (8S).

FIG. 4 presents a preferred embodiment of the
mounting of the spiral wound elements to the tube sheet
and the segregation of the upper chamber from lower
chamber and permeate collection zone.

A single spiral wound element is shown 301. This
element contains a central mandrel 302 surrounded by
the winding of membrane feed and retentate spacers
303. The ends of the element are capped. At the top the
element is capped with end piece (anti-telescoping de-
vice) 304 which is open and permits fluid passage there-
through.

The bottom of the element is end capped with an anti
telescoping device which also serves as a mounting
flange 305. The upper or first tube sheet 306 and the
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lower or second tube sheet 307 are both perforated by
axially aligned conduit holes 308 which are connected

by means of a piece of pipe 309 welded into the holes
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and joining them, the piece of pipe serving as a conduit.
The first tube sheet i1s also perforated by a series of
secondary holes 310 clustered around the conduit holes
308 but spaced so as to be totally within the area cir-
cumscribed by the circumference of the spiral wound
element. Feed/retentate passing through the winding of
the spiral wound element exit the element and pass
through these secondary holes (310) into the retentate
collection zone (RCZ) between the two tube sheets.
The spiral wound element is mounted by inserting the
central mandrel into the conduit pipe joining the axially
aligned holes in the two tube sheets. Fluid tight commu-
nication is achieved by applying sealant in the space
between the outer wall of the central mandrel and the
inner wall of the conduit pipe. The sealant can take the
form of “O” rings (311) fitted around the mandrel and-
/or a compressing gasket (312) placed around the man-
drel- and fitted between the top face of the first tube
sheet and the bottom face of the anti-telescoping mount-
ing flange but not overlapping retentate passage holes
310. The element is secured to the top tube sheet using
studs 313 1s the tube sheet which mate with holes in the
mounting flange 308. Fluid tightness is achieved by use
of a gasket 314 placed at the interface between the tube
sheet and the mounting flange.

FIG. § presents a variation on the embodiment of
F1G. 4 wherein the holes (308) in the first tube sheet
(306) and the second tube sheet (307) are not connected
by a length of pipe but rather simply aligned and
pierced by the central mandrel 302 of the membrane
element. Fluid tight connections are achieved by use of
“O” rings (311) between the opposing faces of the cen-
tral mandrel and the holes (308) in tube sheets (306) and
(307). Gasket means (312) between the top tube sheet
306 and the anti-telescoping device (313) can also be
used to create a fluid tight seal (see FIG. 4).

What is claimed is:

1. A membrane element housing (1) for the contain-
ment of multiple membrane elements (2) wherein said
multiple elements are in parallel arrangement, said hous-
ing comprising first (3) and second (7) supporting tube
sheets in a containment vessel wherein both tube sheets
are arranged in paralle]l to each other and located in
close proximity to each other within the containment
vessel in fluid tight arrangement with the interior walls
of the containment vessel and wherein a lower chamber
feed/retentate space (9) is defined between the two tube
sheets, an upper chamber (§) is defined by the space
above the first tube sheet within the containment vessel
and a permeate chamber (10) is defined by the space
below the second tube sheet within the containment
vessel, multiple membrane elements in the upper cham-
ber are aligned with holes (H)) in the first tube sheet and
are mn fluid tight attachment with said tube sheet
wherein the membrane element is in fluid communica-
tion with the lower chamber feed/retentate zone be-
tween the first and second tube sheets and wherein a
central permeate mandrel (6) closed at the top and open
at the bottom in said membrane elements passes through
the feed retentate zone (9) between the two tube sheets
and 1s in fluid tight communication with the second tube
sheets but in fluid communication through its open
bottom end with the permeate chamber (10), through
holes (H3) in the second tube sheet, wherein fluid at the
exterior of the elements is prevented from leaving the
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upper chamber through said holes Hj, except by pas-
sage through the membrane element attached to said
first tube sheet, said upper chamber being fitted with
feed entry means (11) in the wall of the containment
vessel corresponding to the upper chamber, said lower
chamber feed/retentate zone between the first and sec-
ond tube sheets being fitted with retentate withdrawal
means (13) in the wall of the containment vessel corre-
sponding to the feed/retentate zone and said permeate
chamber being fitted with permeate withdrawal means
(12) in the wall of the containment vessel corresponding
to the permeate chamber.

2. The housing of claim 1 wherein multiple membrane
elements are fitted into holes in the first tube sheet
which holes are equal in diameter to the external diame-
ter of the elements.

3. The housing of claim 1 wherein the central man-
drels (302) of multiple membrane elements (301) are
fitted into holes (308) in the first tube sheet (306)
wherein said mandrels pass through said holes in said
first tube sheet and are in fluid tight arrangement with
the second tube sheet (307) but in fluid communication
with the permeate chamber through holes (308) in said
second tube sheet, and wherein said central mandrel
holes (308) in the first tube sheet (306) are surrounded
by a pattern of secondary holes (310), said pattern of
secondary holes being bounded by the perimeter of the
element through which secondary holes the membrane
element is in fluid communication with the feed/reten-
tate zone (RCZ) between the two tube sheets.

4. The housing of claim 3 wherein the holes (308) in
the first and second tube sheets through with the central
mandrel (302) passes are connected by lengths of pipe
(309) of internal diameter sized to receive the external
diameter of the extended central mandrel and its sealing
device and which pipes are in alignment with said op-
posing holes and are in fluid tight attachment with the
opposing tube sheet faces.

5. A membrane element housing for the containment
of multiple membrane elements wherein said multiple
membrane elements are in parallel arrangement, said
housing comprising a containment vessel (101) wherein
said containment vessel is divided into an upper cham-
ber (105) defined by the interior walls of the contain-
ment vessel and the upper face of a first tube sheet (103)
in fluid tight attachment (104) to said interior walls, a
lower chamber (109) defined by the interior walls of the
containment vessel and the bottom face of the first tube
sheet (103) and the upper face of a second tube sheet
(107) paraliel to and in close proximity to said first tube
sheet and a permeate chamber (110) defined by the
interior walls of the containment vessel and the bottom
face of the second tube sheet, multiple elements (102)
arranged in said upper chamber in alignment with holes
(H1) in the first tube sheet in fluid tight attachment with
said tube sheet in the upper chamber but wherein the
membrane element is in fluid communication with the
lower chamber between the first and second tube sheets
and wherein central permeate mandrels (106) closed at
the top and open at the bottom in said membrane ele-
ments passes through said lower chamber (109) into
holes H; in the second tube sheet (107) and are in fluid
tight attachment with said second tube sheet in the
lower chamber (109) but which central mandrels are in
fluid communication through their open ends with the
permeate chamber (110) and wherein the lower cham-
ber 1s divided by partition means (211) perpendicular to
said tube sheets thereby dividing the said lower cham-
ber into a first (212) and a second (214) zone, said parti-
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tion means being in fluid tight attachment to the oppos-
ing tube sheet faces and with the interior walls of the
containment vessel, said containment vessel wall in the
area of the first zone in the lower chamber being fitted
with feed entry means (111), and said containment ves-
sel wall 1s the area of said second zone being fitted with
retentate removal_means (113) and the containment
vessel walls in the agea of the permeate chamber being
fitted with permeate removal means (114).

6. The housing of claim 5§ wherein a foraminous plate
(217) 1s located near the top of the membrane element
opposite the first tube sheet.

7. The housing of claim 5 or 6 wherein the lower
chamber (109) is divided into multiple zones by multiple
partition means wherein a first partition (116) mans
perpendicular to the tube sheet is in fluid tight arrange-
ment with said tube sheets (103 and 107) and with the
walls of the containment vessel and a second partition
means (117) perpendicular to the tube sheets and per-
pendicular to said first partition means (116) is in fluid
tight arrangement with said tube sheets and with the
first partition and with the interior wall of the contain-
ment vessel thereby dividing the lower chamber into 3
zones, a first major zone (B) and first (A) and second (C)

25 minor zones, and the upper chamber (105), is divided
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into multiple zones by a partition means (115) perpen-
dicular to the first tube sheet (103) and in fluid tight
attachment to said tube sheet and the interior walls of
the containment vessel thereby dividing the upper
chamber into two independent fluid tight zones (105(a)
and 105(b)) and wherein the upper chamber partition
means 1s in a substantially perpendicular relationship to
the first partition in the lower chamber and wherein
feed entrance means (111) are fitted in the containment
vessel wall corresponding to the first minor zone (A) in
the lower chamber (109), retentate removal means (113)
are fitted in the containment vessel wall corresponding
to the second minor zone (C) in the lower chamber
(107) and permeate removal means (114) are fitted in the
containment vessel wall corresponding to the permeate
zone (110) thereby resulting in serpentine feed flow
through the elements in the separate zones in the upper
chamber (105).

8. The housing of claim 5 or 6 wherein the upper
chamber is divided into muitiple zones by placement of
a primary partition in the upper chamber, said first
partition being perpendicular to the first tube sheet and
in fluid tight attachment thereto and to the interior
walls of the containment vessel and by placement of
secondary partition fitted in the upper chamber extend-
ing from said primary partition and in fluid tight attach-
ment to said primary partition and to said first tube
sheet and the interior walls of the containment vessel
thereby dividing the upper chamber in numerous dis-
crete fluid tight zones containing isolated multiple ele-
ment groups, said lower chamber being divided into
multiple zones by means of partitions placed in said
lower chamber and arranged therein taking the place-
ment of the upper chamber partitions into consideration
sO as to result in serpentine cascade flow of feed
through the isolated multiple element group in the
upper chamber, wherein feed entry means are fitted in
the wall of the containment vessel corresponding to a
first zone in the lower chamber and retentate removal
means are fitted in the wall of the containment vessel
corresponding to the last zone in the lower chamber at
the end of the serpentine feed flow path.
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